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Abstract— In this work we were able to improve the 
reflection coefficient S11 and bandwidth BW of a 
rectangular microstrip antenna fed by a coaxial cable 
firstly by adjusting a the feed point  and secondly  by 
inserting a rectangular slot in the radiating element 
The results obtained using the HFSS software, have been 
compared by those published. These results are very 
satisfying. 
Keywords— Rectangular microstrip antenna, S11, 
bandwidth slot. 
 
I. INTRODUCTION 
The patch antennas are largely used for wireless 
telecommunications seen their many advantages as their 
low profile, light weight, low cost and ease of 
manufacture. They are extremely compatible to be 
incorporated in portable wireless devices such as cell 
phones [1]. But these types of antennas have some 
disadvantages such us low efficiency [2], a narrow 
bandwidth, since its width is limited to a few percent (3-
6%) [3] which is insufficient for most systems wireless 
communication. 
Several techniques have been proposed to increase the 
bandwidth of these types antennae, which may be 
mentioned the use of substrates with higher dielectric 
constants [4], the increase in thickness of the dielectric 
substrate [5], the introduction of the slots on the patch 
antenna [6], the location, size and shape of this slot are 
parameters that have a significant effect on the operation 
of the antenna. 
One of the most methods used to improve the bandwidth 
of microstrip patch antennas is introducing a slot at the 
patch [7]. 
In this work, we present a planar antenna patch size 
(61.23x72.8x5,8) mm3 with a rectangular slot (5x15)mm2 
introduced on its patch deposited by the photoetching 
method on a substrate of FR4-epoxy whose relative 
permittivity is: εr = 4.4. 
The antenna is fed by a coaxial cable, whose resonance 
frequency is 2.4GHz. 
The results for the reflection coefficient S11 and the 
bandwidth BW are very encouraging compared with those 
published in the literature 
II. THEORY AND MODEL 
In figure (1) presents the studied antenna diagram, the 
patch, initially without slot, is deposited on a substrate 
FR4-epoxy, its relative dielectric constant is 4.4, is fed by 
a coaxial cable in order to eliminate surface waves and 
have a good adaptation of the [8] impedance. 
 
 
Fig.1 : The studied antenna diagram (h=5.8 mm, εr=4.4) 
 
The simplest model to express the operation of a 
microstrip antenna is that of the transmission line, this 
model gives a good physical preview, but it is less precise 
[8]. In this model, the antenna can be represented by two 
slots dimensional (W x L) and height (h). The dimension 
W may be calculated from the following equation (1) [9]: 
 = 
2 + 12
                   (1) 
This formula can be improved by replacing (εr) by (εreff) 
[10] which is given by: 
 =  + 12 +
 − 1
2 1 + 12
ℎ
          (2) 
Where h is the height of the substrate, 
The actual physical size of patch is given by [9] 
 =  − 2∆       (3) 
Where  
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∆ = 0,412ℎ( + 0,3)(
ℎ + 0,26)
( − 0,258)(ℎ + 0,8)
           (5) 
 
For an input impedance in the neighborhood of 
50 Ω, a good approximation to the coordinates of the 
feed point are written: [11] 
 = 2       (6) 
  = !2              (7) 
 
III. RESULTS AND DISCUSSION 
Wi-Fi use by telecommunications a frequency range 
between 2 GHz and 3 GHz [8], in this work we chose an 
antenna that works around a central frequency of 2.4 
GHz. Based on the values calculated from the theoretical 
formulas (1-4), we obtain the following parameters of the 
antenna (Table 1). 
Table.1: Theoretically calculated characteristics of the 
antenna. 
W L xf yf 
38mm 26.43mm 6.86mm 18.5mm 
Figure 2 shows the variation of reflection coefficient S11 
as a function of frequency, using the parameters listed in 
Table 1. This curve shows that the resonance frequency fr 
is equal to 2.3 GHz with a reflection coefficient S11 = - 
32.92dB and a bandwidth BW = 275MHz. 
 
Fig.2: S11 and BW of the antenna with the parameters 
calculated theoretically 
 
The result is less than satisfactory; this is why we opted to 
change the antenna dimensions and the feed position to 
obtain a resonant frequency around 2.4 GHz, with values 
optimum S11 and bandwidth. 
Figure 3 shows the results obtained we correcting patch 
size and the feeding position such that: L = 25mm, W = 
37mm, xf = 6.79 mm and yf = 18mm. 
 
Fig. 3: S11 variation as a function of frequency for w = 
37mm, L = 25mm, 6.79mm = xf and yf = 18mm 
 
Table 2 shows the results obtained after rectification of 
the dimensions of the patch and the feed position and 
those published by [11]. This comparison shows that an 
improvement in the coefficient of reflection S11 and 
bandwidth. 
Antenna 
characteristics fr S11 BW 
Results obtained 2.418 GHz 
-
51.33dB 
275 
MHz 
Results published 
by [11] 
2.421 
GHz 
- 
42.93dB 
177 
MHz 
However the obtained results of  bandwidth can be more 
improved by inserting a rectangular slot in the patch. 
Figure 4 shows a diagram of a microstrip antenna with a 
rectangular slot. 
 
Fig.4: inserting a rectangular slot 5x15 mm2on the patch 
After adjusting the size and location of the slot, the 
obtained results are shown in Figure 5. 
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Fig. 5: The reflection coefficeient and bandwidth of the 
antenna designed with a rectangular slot on the patch. 
The parameters of the location and size of the slot that 
give the best results are respectively (xs, ys) = (1.75mm, -
11.5mm) and Lsxws = 15x5mm2 (Figure 4). 
This figure shows that the bandwidth 350 MHz which 
represents a 22% improvement. 
 
IV. CONCULSION 
In this work we studied and optimized functioning of a 
planar antenna with a rectangular patch fed by a coaxial 
cable, by adjusting the location of its feed point and 
inserting a rectangular slot on the radiating element. 
The results obtained are remarkable since the antenna 
operates at 2.4 GHz resonance frequency with a reflection 
coefficient S11 = -49.44 dB bandwidth of 350 MHz or 
14.5% of center frequency, what is very satisfactory 
compared with the one published with other types of feed. 
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